In coastal areas and islands, farmlands often lack of nutrients. This research assessed the precipitation of phosphorus presenting in urine in the form of struvite of magnesium ammonium phosphate (MAP) by adding of supplement of Mg 2+ ion from MgCl 2 solution contained in seawater (Cat Ba island area). The urine and seawater have been mixed at different ratios. The results have shown [Mg]: [PO 4 ] ratios ranging from 0.75 to 5.26 allowed the precipitation of more than 90% of the phosphorus in the urine. Seawater -to -urine ratios of 0.67/1, 1.3/1, 3.2/1, 5/1, 7/1 and 9/1 in volume would give phosphorus recovery efficiency of 99%, 92%, 96%, 96%, 95% and 99%, respectively. Seawater in the studied area could be an appropriate Mg 2+ ion source to produce MAP from urine diverting dry toilets. Recovered phosphorus can be used as slow releasing fertilize for farming.
Introduction
According to General statistic office of Vietnam, there are 65% of population living in rural areas including coastal and island areas [1] . Almost of them have main source of income from agriculture activities. Modern agriculture is highly dependent on artificial fertilizers. Many reports warn for the depletion of phosphorus, one of the key elements in artificial fertilizers. The reserves may already have been depleted for about 50 to 100 years [2] . For this reason, the recovery and recycling of phosphorus become essential to cope with the rapidly increasing demand. In rural areas expecially coastal and island areas, crop soil need more nutriens because their geolosical conditions are mainly sand and gravel.
Wolgast and Jonsson [3, 4] estimated that the average annual per capita urine production was 500 L. In additionally, 90% of the tot-N, 60-65% of tot-P and 50-80% of K are partitioned by the human body and excreted in the urine. More recently, in a survey of three case study locations across South Thailand, Schouw [5] observed the per capita daily production rates for urine and faeces to be 0.6-1.2 L and 120-400 g, respectively. A Vietnamese case study condected by Polprasert et al. [6] estimated the production of urine as 0.82-1.2 kg person -1 d -1 and faeces as 130-140 g person
available sources. For the purpose of investigating either the appropriate mixing ratio of magnesium ion to phosphate or impact of present ions in seawater for highly efficient recovery of phosphorus, applying to coastal areas where salinity in seawater vary from 20% -25% [11] , the research team conducted experiments with two types of magnesium sources, MgCl 2 solution and synthetic offshore water. Therefore, this study aims to assess the feasibility of phosphorus recovery from urine. This study is aimed at investigating: 1) the effectiveness of ion Mg 2+ from difference sources (artificial water with chemical mixture, synthetic offshore water) as precipitants for phosphate precipitation from urine and its precipitation rate; 2) the optimal conditions for the phosphate precipitation including pH and the offshore water to urine ratio; 3) the quality of the precipitates; and 4) evaluation of nitrogen remaining after reaction, 5) application of phosphorus recovery by seawater from Cat Ba island.
Material and methods

Location of pilot testing
The military barracks of Cat Ba island was choosen as a location for pilot testing because 02 urine diverting public toilets (UDT) were constructed there, for recovery of excreta and urine as nutrient for garden. There is also available seawater sources for seting up experiment on phosphate precipitation from urine by adding Mg 2+ ion source from seawater.
Material
Urine (UU): Urine was collected from UDT at Catba military barracks. The urinal was connected with a urine container and storerage time in one month to produce ureolysed urine (UU). The ureolysed urine applied in entire study was collected from container and transfer to Hanoi within a day and stored at room temperature to achive a stabel ammoina concentration. It was ascertained by [17] , when seawater was added after 10 hours of hydrolysis, the salt contained in seawater did not represent the main inhibitor of urine hydrolysis. Thus, possibly the early additions of seawater and/or rapid release of ammonium in the beginning of hydrolysis process might hinder the hydrolysis of urea, to ensure full P-removal, seawater should be added hydrolysis of urea was achieved [17] . The UU had a final concentration of 2060 PO 4 3 -mg L . It is similar to [14] . The Mg 2+ and Ca 2+ contains in seawater around Cat Ba island were lower than results reported in [13] and [11] . It can be due to the fact that the seawater near beach was diluted with rainfall, river water or wastewater.
Reasearch approach
The experiments were excuted to assess the feasibility to use difference sources of magnesium ion for phosphorus recovery from urine as struvite in rural areas. The experiments conducted to compare the urine P recovery efficiency with different precipitant sources, including magnesium solution and offshore water. Magnesium solution or offshore water was mixed with UU respectively at difference volumetric mixing ratios so the Mg/P molar ratios were set at 0.08, 0.15, 0.37, 0.75, 1.88, 3.01, 4.14, 5.26 and 100 respectively; ultrapure water (UPW) was used as the control solution. The precipitates formed in the last of each ratios of Mg/P with difference magnesium sources were characterized accordingly. Some good results of Mg to P molar ratio for highly phosphorus recovery will be test with real seawater from Cat Ba island to verify the findings.
Experimental setup and chemical analyses
All experiment were performed in beakers of 600 ml with maximum working volume of 500 ml. They were continuously mixed with a magnetic stirrer for 3 hours, covered with tin sheet which only opened after the test completion. Experiments were performed at room temperature (at round 33
• C).
Samples were taken at the start of the test, five minutes after magnesium ion source solutions was added and at the end of the test (after 3 hours). Samples were collected by twice. For the determination of soluble compound, 0.45 µm pore size filters were used, and total soluble phosphorus (TSP) analysis undertaken. All samples were analyzed at laboratory immediately. All the precipitates formed at each beaker was filtered out through 0.45 µm syringe filter and dried at 46
• C for 48 hours -72 hours to minimize struvite decomposition [22, 23] . Then, the weights of syringe filter were carried out before and after filtrations to determine the amount of struvite precipitation. Working solutions with adding of magnesium ion sources from MgCl 2 solution (Seri A), offshore water (Seri C) and seawater (Seri D) are shown in Tables 1, 3 and 4, respectively. Seri B experiment uses mixture solution of ultra pure water and UU for control, is shown in Table 2 . 
Calculations
TSP was calculated as the difference between the initial and the final ortho-phosphate concentrations from the tests (TSP initial , TSP final , respectively). The initial ortho-phosphate concentration was corrected according to the dilution used in the experiment. The maximum P recovery efficiency was determined from Eq. (1).
where % P is the percentage of ortho-phosphate precipitated; TSP initial and TSP final are the initial and final concentrations of soluble ortho-phosphate, respectively; and, V u and V s are the initial volume of urine and the final volume of the soluble, respectively. The concentration of ortho-phosphate precipitated in the experiment (PO 4 3 --P) was used to estimate the potential formation of struvite assuming that for struvite formation, 1 mol PO 4 3 --P to 1 mol NH 4 -N is needed per mol of struvite formed. In order to estimate the concentrations of struvite or magnesium ammonia-phosphate (MAP) precipitated during the execution of the experiments, a similar approach to that applied by Hao et al. [24] was applied. Then, it was assumed that struvite was the only crystal of ammonia formed. Thus, the 45 mg of crystals formed in the experiments were redissolved fully by adding volume of 3 ml 2M HCl to lower the pH to around 2.0. The solution was transferred to beaker of 250 ml, added more deionized water for increasing of pH. Then, the concentrations of ammonia (NH 3 -N) and ortho-phosphate (PO 4 -P) were measured and the molar ratios of NH 3 -N/PO 4 -P were calculated from Eq. (2). Thereafter, the concentration of struvite or MAP formed was estimated based on the struvite composition (MgNH 4 PO 4 · 6 H 2 O).
where PO 4 and NH 3 are the ortho-phosphate and ammonia concentration of struvite re-dissolving solution, respectively; and, M NH 3 and M PO 4 are molar mass of ortho-phosphate and ammonia, respectively.
Results and discussion
Phosphorus and ammonium recovery efficiency
Fig. 1(a) shows the final pH, the measured the removed percentage of TSP after exprementing time with different molecular ratios of Mg 2+ to PO 4 3 -, and different magnesium ion sources. It also shows that, the pH in mixed solutions are stable in all beakers, range between 8 and 9, it was suitable for forming of struvite MAP [25] , the P recovery increased from less than 20% to more than 90%. The pH shifted to lower values for an increase of the Mg 2+ to PO 4 3 -molar ratio from 0.08 to 5.26, the level of pH depended on the Mg 2+ to PO 4 3 -molar ratio due to struvite precipitation and similar to Korchef et al., 2011 [26] .
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where PO4 and NH3 are the ortho-phosphate and ammonia concentration of struvite redissolving solution, respectively; and, MNH3 and MPO4 are molar mass of ortho-phosphate and ammonia, respectively. Fig. 1(a) showns the final pH, the measured the removed percentage of TSP after exprementing time with different molecular ratios of Mg 2+ to PO4 3-, and different magnesium ion sources. It also shows that, the pH in mixed solutions are stable in all beakers, range between 8 and 9, it was suitable for forming of struvite MAP [26] , the P recovery increased from less than 20% to more than 90%. The pH shifted to lower values for an increase of the Mg 2+ to PO4 3-molar ratio from 0.08 to 5.26, the level of pH depended on the Mg 2+ to PO4 3-molar ratio due to struvite precipitation and similar to Korchef et al, 2011 [27] .
Results and discussion
Phosphorus and ammonium recovery efficiency
(a) TSP (b) TN Fig. 1 Recovery efficiencies of "MgCl2 solution" to be comparable with "OW" Fig. 1(a) also shows that, a decreasing trend was observed in TSP removal as Mg to P molar ratio increased, although, TSP removal was approximately constant between 0.75 -5.26. Mg-to-PO4 molar ratio of 0.38 and 5.26 to 1.0 removed up to 90% TSP, similar to previous studies on P recovery reported by [28] , at Mg to PO4 molar ratios of 1.15 and 5.48 phosphorus removal increased from 70% to more than 95%, and P removal did not increase significantly at higher Mg-to-PO4. I was consistent with the result by [28] in which the P removal efficiencies even decrease impressly at Mg-to-PO4 molar ratio of 100. With the same molar ratios of Mg-to-PO4, the removal efficiency in experiment which added MgCl2 solution is litle higher than experiment with OW, it can be impacted by present of calcium ion to form of precipitation MAP, similar to previous study reported by Hao et al, 2008 [25] . At Mg-to-PO4 molar ratio of 100, P removal efficiencies in series A, C achieved the same results of 60,6% and 60%, respectively. At Mg-to-PO4 molar ratio of 0.38 and 3.01 TN removal efficiencies are much lower than TSP one, for the experiment seri D, Fig. 1 
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At Mg-to-PO 4 molar ratio of 100, P removal efficiencies in series A, C achieved the same results of 60.6% and 60%, respectively. At Mg-to-PO4 molar ratio of 0.38 and 3.01 TN removal efficiencies are much lower than TSP one, for the experiment seri D, Fig. 1(b Figure. 2. Relationship between TSP recovery efficiencies and volume ratios of UU and diference magnesium ion sources Figure. 2 shows that, the precipitation did not happened when added ultrapure water into UU, even it makes present solid in UU to dissolve into solution. In experiment B, TSP concentration in the final solution was higher than initial one so almost TSP removal efficiencies of Seri B below zero, was observed indicating that no P precipitates would form in the absence of Mg or Ca (Table 2a , b). The results in (c) in mixture Figure. 2 confirm that offshore water can be an effective precipitant for urine P precipitation. As long as volume ratio UU fraction is between 24% and 61%. However, at 99% UU fraction, the efficiency dropped to only 60%, due to insufficient Mg 2+ and Ca
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All the previous experiment were performed with magnesium ion sources taken from synthetic substance. To validate the obtained results with urine and seawater with lower salinity which populate in most areas Vietnamese island, the experiment was carried out using urine and real seawater taken from the beach of Cat Ba island (Seri D). Thus, the Mg to P molar ratios result for highly phosphorus recover of 0.38, 0.75; 1.88; 3.01; 4.14; 5.26 were selected (Table 4 ). Fig. 3 shows the same result with previous experiment with synthetic subsance, phosphorus recovery efficiencies were still high, ranging between 90% and 100%. The final concentrations of soluble phosphate were below 100 mg/l (Table 5) . However, it is still higher than Vietnamese standard level of QCVN 14/2008 on wastewater quality, accepting Mg to P molar ratio of 5.26. This result was much lower than experiment results with chlorine magnesium solution and synthetic offshore water. It certified that a big amount of phosphorus ion was precipitated with present calcium ion in seawater, similar to the study [29] . (Table 4 ). Figure 3 shows the same result with previous experiment etic subsance, phosphorus recovery efficiencies were still high, ranging between 00%. The final concentrations of soluble phosphate were below 100 mg/l (Tabl ever, it is still higher than Vietnamese standard level of QCVN 14/2008 on wastew ty, accepting Mg to P molar ratio of 5.26. This result was much lower than experim ts with chlorine magnesium solution and synthetic offshore water. It certified that a nt of phosphorus ion was precipitated with present calcium ion in seawater, sim man study, 2009 [30] . Figure 3 . TSP recovery efficiencies in the mixture of urine and real seawater experimenting time, the final solution contains high concentration of total nitro e 5), it shown that, struvite forming process gave low nitrogen recovery, similar re previous study Ganrot et al, 2007 , Lind et al 2000 , [32] . More ever, Maurer e investigated composititon of urine in difference urine collection systems, ther more ammonium than phosphate present in urine on a molar basis. As a conseque t 3% of the nitrogen can be eliminated by magnesium addition only so that the e e pH value is small [33] . Etter et al, [12] had shown the similar result, the recover onium through struvite precipitation may be only 5% and other macronutrients may covered; the authors, using the case of study of Nepal also emphasized that the stru s harnessing only 13% monetary value of urine as a fertilizer. After experimenting time, the final solution contains high concentration of total nitrogen (Table 5), it shown that, struvite forming process gave low nitrogen recovery, similar results with previous study [30] and [31] . Moreever, Maurer et al. [32] investigated composititon of urine in difference urine collection systems, there is much more ammonium than phosphate present in urine on a molar basis. As a consequence, about 3% of the nitrogen can be eliminated by magnesium addition only so that the effect on the pH value is small [32] . Etter et al. [12] had shown the similar results, the recovery of ammonium through struvite precipitation may be only 5% and other macronutrients may not be recovered; the authors, using the case of study of Nepal also emphasized that the struvite allows harnessing only 13% monetary value of urine as a fertilizer.
Struvite Precipitation characteristic
The result has been shown in Fig. 4 an observation, comparatively, the recover efficiency of precipitant achieved the highest result with precipitation of mixture of UU and SW, it happened in almost range of Mg to P molar ratios. Maximum amount of precipitant was observed with the mixture solution of UU and SW at Mg to P molar ratio of 5.26 (40 mg/ml UU), while UU-Mg solution and UU-OW achieved maximum precipitate recoveries of 8 and 26 mg/ml UU at Mg-P molar ratios of 3.01 and 100, respectively. Figure 4 an observation, comparatively, the recover eff tant achieved the highest result with precipitation of mixture of UU and in almost range of Mg to P molar ratios. Maximum amount of precipit ith the mixture solution of UU and SW at Mg to P molar ratio of 5.26 (4 e UU-Mg solution and UU-OW achieved maximum precipitate recoveri /ml UU at Mg-P molar ratios of 3.01 and 100, respectively. ) and bicarbonate (HCO 3 -) pot n the formation of diverse precipitates and possible impurities. Characteriz ipitates is thus deemed necessary in order to confirm the potential use o roduced from a system as a P fertilizer. Hence, the precipitates from U ixtures with different volumetric ratios were characterized.
vely, the composition of the precipitates formed in the mixtures of OW a ence urine fraction (Seri A, Seri C, Seri D) at Mg to P molar ratios of 0.3 .26 are show in ) potentially resulting in the formation of diverse precipitates and possible impurities. Characterization of these precipitates is thus deemed necessary in order to confirm the potential use of MAP products produced from a system as a P fertilizer. Hence, the precipitates from UU and OW/SM mixtures with different volumetric ratios were characterized.
Comparatively, the composition of the precipitates formed in the mixtures of OW and SW with difference urine fraction (Seri A, Seri C, Seri D) at Mg to P molar ratios of 0.38, 0.75, 1.88 and 5.26 are shown in Table 6 . The precipitate forming in mixture of UU and 20 mM magnesium solution (A7, A8) has PO 4 to NH 3 molar ratios were 1:1 approximately, similar to the stoichiometric. While, the amount of PO 4 content of precipitant was higher than NH 3 content, indicating some of P in the mixture of OW and SW precipitated out as calcium and magnesium ion to form MKP (magnesium kali phosphate) and HAP (hydroxyapatite -Ca 10 (PO 4 ) 6 (OH) 2 )) [18, 33] .
With the same of Mg to PO 4 molar ratio of 1.88 in mixtures of A8, C8, D8 beakers, mixture in A8 had N content higher than C8 and D8 respectively, indicating that, the present of other ion in (Table 6 ), at Mg to P ratio of 5.26 there is not any N contents in the precipitate, indicating of the precipitate exsits forming of calcium or/and magnesium compound.
Conclusions and recomendations
Urine from eco-san toilet which is the urine diverting dry toilet can be used for recover nutrien as high nutrien content of slow release fertilizer under crystal forming (MAP, MKP, HAP. . . ). By this way, it can help for easier storage and transportation.
Ureolysed urine with high pH (8-9) creates optimal conditon in mixture of urine and seawater for the phosphorus precipitation.
Adding of magnesium ion into ureolysed urine to achieve Mg to PO 4 3 -molar ratio between 0.75 and 5.26 can recover more than 90% of phosphorus.
The ion source from offshore water can give phosphate recover efficiencies of 89.04; 94.1; 95.86; 94.06; 95.25; 95.31% at offshore water to ureolysis urine 0.33; 0.65; 1.63; 2.6; 3.58; 5.56 :1, respectively. According to above result, the phosphorus recover rate was hightest result when volumetric ratios of offshore water to UU were 0.65: 1 or 5.56:1.
The increasing of Mg to P molar ratio decreases MAP content in precipitate. Mg to P molar ratios of 0.38, 0.75, 1.88 will pricipitate struvite with high MAP content, while there is not any MAP content in precipitate when this ratio is 5.26. The crystalizied precipitate should be filtered then dired in atmosphere condition before storage and enduse.
Seawater also can be used as a source of ions (magnesium and calcium) for struvite precipitation for recover phosphorus from urine which collected from dry eco-san toilet. Phosphate removal efficiencies of 99.31; 92.01; 96.49; 96.5; 95.25; 99.26%, achieved at seawater to ureolysis urine volumetric ratios of 0.67; 1.3; 3.2; 5; 7; 9:1, respectively.
The highest recover efficiency of phosphorus had been achieved when volume ratios of seawater to UU were 0.67:1 or 9:1. Resulting that, the coastal areas can use seawater to add to urine tank with volumetric ratio above to recover/precipitation of phosphorus for reuse as fertilizer.
Nitrogen recover efficiency stoped at low level. The highest remove rate of nitrogen was 30% and 50% in mixture of UU and SW/OW, respectively, idicating that, the futher step need to be excuted to recover nitrogen in the solution which phosphate been recovered, before discharging to water recourse. Removing of nitrogen by adsorption can be potential way.
